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Tree-Dimensional numerical study of flows in complex 
CSOs for their instrumentation 
Vazquez, J. Lipeme Kouyi, G. Zug, M. Levecq, C. Zobrist, C.  
 
The assessment of the flows and the pollutant load discharged into the natural 
environment requires the installation of an adequate instrumentation. The 
knowledge of the hydraulic operation of the Combined Sewer Overflows (CSOs) 
is thus essential. We use 3D modeling (FLUENT®) in order to understand the 
hydrodynamic behaviour. Initially, the numerical results arising from 3D 
modeling of the flows in side storm overflows were validated using the 
experimental data of the "CSO" pilot. In the second time, we applied the 3D 
modeling to the CSO on real site (in France) that was instrumented with sensors. 
Careful consideration was given to the boundary conditions at the downstream of 
the work. Simulations enabled us to know the various shapes of water lines and 
the evolution of the overflow rate along the weir. The location of the free surface 
was done by means of Volume Of Fluid (VOF) method. The k-ε model is used for 
the turbulence. The analysis of the results of 3D simulation was enabled to 
improve the instrumentation of this CSO for flow measurement. 
1 Introduction 
The CSO ensure the hydraulic regulation of the combined effluents in sanitation 
networks during rainfall envents. They generally act as safety upstream of 
wastewater treatment plant. However, they are privileged vectors of the 
pollutant load to the receiving body of water. In order to take stock of the cases 
of malfunctioning, the Water Act of January 3rd 1992, which transposes the 
Directive of the Council of the European Communities of May 21st 1991 on 
urban wastewater treatment into national law, takes into account the pollution 
produced and discharged by drainage systems. As a result, knowledge of the 
overflow rate has become indispensable for assessing the pollutant load 
discharged into the natural environment. Given that necessity, a "CSO project" 
was initiated in 1995. It brings together a number of partners such as ENGEES, 
Veolia Water with Anjou Recherche, GEMCEA and is funded by FNDAE. It is 
aimed at proposing a technical guide for engineers in order to improve 
knowledge and supply hydraulic operating models for CSOs. That is the context 
in which this study was conducted.  
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Several methods can be used to determine the overflow rate. The measurement 
of flow can be directly carried out on the crest, if a height/flow law is known or 
can be established (Zug et al., 2002). But uncertainties related on the coefficient 
of discharge and the height of load can pose problem (Bertrand-Krajewski et al., 
2000 ; Laplace, 2000). This measure can be taken in the overflow channel. On 
the other hand, the risk of backwater effect is very significant, and the conduit of 
discharge often presents defects for measurement (too strong slope, absence of 
manhole…). The overflow rate can also be obtained by the difference between 
the upstream and downstream flow. However, this method presents some 
disadvantages like doubling the expenses of equipment and increasing 
uncertainty to the measure of discharged volume.  
Moreover, the positioning of sensors allowing the measurement of the overflow 
rate is not very easy to find because, among other things, of the difficulty of 
access to some sites and of the geometrical complexity of some CSOs. 
Considering all these complications, we used 3D modeling in order to define the 
optimal location of the sensors according to the evolution of the water line along 
the weir.  
Initially, this article presents validation of the 3D hydraulics models (in 
FLUENT) compared to experimental measurements in laboratory. In the second 
time, we used these validated models to understand the hydraulic behaviour of 
the complex CSO on real site (in France) in order to improve its instrumentation. 
2 Experimental validation of the 3D models  
2.1 Experimental data 
The experimental data result from the "CSO pilot". The physical test bench is a 
small-scale model located in the technical hall of the Agricultural technical 
school of Obernai (France). The construction is a scale model (approximately 
1:6) of some existing CSOs (see figure 1). 
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CSO
16 m
11 m
Rectangular channel L=0.4  m
Circular channel D=0.2  m
Tank
Venturi flume
US sensor
Butterfly valve
Pump
 
Figure 1 Simplified diagram of the "CSO" pilot  
The geometric and hydraulic features of the CSO are as follows:   
Slopes: The slopes of upstream, downstream retention and overflow pipes and 
the slope of the CSO itself are adjustable and may vary from 0 to 1 %. 
Diameters of upstream and downstream pipes : 200 mm upstream (inner 
diameter being 188 mm). 200, 110 and 75 mm downstream.  Crest lengths and 
heights: crest lengths: 500, 1000 and 1500 mm; crest heights : 30, 50, 60, 75, 94 
and 125 mm.  
Each channel is equipped with a venturi flume coupled to a ultrasounds sensor. 
The errors on the flow rates could be estimated at ± 5 % thanks to cartography 
of velocity obtained with small current meter in the channels.  
The 3D free surface measurement system is composed of a projector and a 
numerical camera coupled to the image processing software. The structured light 
projection is used to know the form of the free surface (Lipeme Kouyi et al., 
2003). The precision of this device is of ± 4 mm for the measurement of the 
moving water free surface.  
2.2 Comparison of the results  
The FLUENT® three-dimensional computational code is used to simulate the 
flows in side storm overflows. In each computational cell, partial derivative 
equations that describe the flow (Navier-Stokes equations) are rewritten in an 
averaged conservative algebraic form that puts the pressure, the velocity field 
and the Reynolds tensor in relation (Versteeg and Malalasekera, 1995). The 
finite volume method is used to solve equations. k-ε model is used as model of 
turbulence and VOF method enables to locate free surface. Dirichlet and 
Neuman boundary conditions type are used. 
356 Tree-Dimensional numerical study of flows in complex CSOs for their instrumentation
 
The criterion selected to judge performances of 3D modeling results is the 
relative value of the error reported to the upstream flow, defined as follows: 
3D Measured
upstream
Q - QError .100
Q
⎛ ⎞= ⎜ ⎟⎜ ⎟⎝ ⎠
. Table 1 indicates the results of comparison.  
Table 1 Comparison of the flows (subcritical flow in CSO)  
 Measurements 
m3/h            
(CSO pilot) 
Numerical results   
m3/ h Error (%) 
Qoutflow 
(m3/h)  20.2 45.0  61.2 19.2 43.8 56.0  -3.6  -1.6  -4.5  
Qoverflow 
(m3/h)  7.8  27.4  51.7 8.0  27.8 57.6  0.7  0.6  5.2  
In a general way, 3D modeling tends to over-estimate the overflow rate (see 
table 1). The highest errors in absolute value are 4.5 % on the preserved flow 
rate and 5.2 % on the overflow rate. The comparisons of the flows in 
supercritical flow and with a hydraulic jump are also satisfactory. The errors are 
lower than 10 % (Lipeme Kouyi, 2004).  
Figures 2a and 2b represent the free surfaces measured on the pilot and 
calculated with the code (figure 2a) and the error (%) between two surfaces 
(figure 2b), in supercritical flow.  
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Figure 2 a: Comparison of the free surfaces; b: Representation of the 
errors 
3D modeling reproduces the form of free surface. The maximum error of 12 % 
is locally observed at the upstream of the CSO. Indeed, in this part of the flow, 
Wasserbaukolloquium 2006 Strömungssimulation im Wasserbau 
Dresdner Wasserbauliche Mitteilungen Heft 32 
357
 
we have a great variation of the water depth for a weak displacement according 
to the length of the CSO. It is also noted that the errors are centered on zero. The 
results of comparison of the free surfaces are also satisfactory in subcritical flow 
and with hydraulic jump (Lipeme Kouyi, 2004). 
3  Application of the 3D modelling to the CSO on real site 
3.1 Objectives  
This study takes place within the framework of the "CSO project". The aim is to 
simulate flows in the CSO in order to define the types of operation of the work 
and to determine more precisely overflow rates, for a better self-monitoring. The 
analysis of the numerical results will enable us to find the best location of the 
ultrasound sensors in order to determine the overflow rate thanks to the 
measurement of the height of water. Criteria selected (mesh, boundary and 
initial conditions, k-ε, VOF) during the experimental validation of the 3D 
models will be applied in the study of this work. 
3.2 Geometry and computational mesh of the CSO  
The CSO has a long (11.25 m) and double side weirs. The slope of upstream 
channel is rather marked (about 2 %) just at the entry of the elbow (dam).  
 
 
By- pass
Towards WTP
Towards receiving 
body of water (Seine) 
Upstream 
CHANNEL 
DAM 
DOUBLE CRESTS 
Ultrasound Sensor 
Downstream 
COMPARTIMENT 
Pumping flow 
arrival 
Gate 
 
Figure 3 Simplified diagram of the CSO 
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Figure 4 Computational mesh of the CSO 
The number of computational mesh is about 200 000. The grid is composed of a 
combination of hexahedral and tetrahedral elements taking into account the 
complexity of the work.  
3.3 Results of 3D Simulations  
Figure 5 represents the evolution of the water line along the crest for various 
inlet flow rates. 
Lignes d'eau le long du seuil gauche en fonction du débit 
0.87
0.89
0.91
0.93
0.95
0.97
0.99
1.01
1.03
1.05
1.07
1.09
7.30 9.30 11.30 13.30 15.30 17.30
Distances (m)
Ha
ut
eu
rs
 (m
) Q = 2 m3/s
Q = 0.3 m3/s
 Q = 2.5 m3/s
Q = 1.5 m3/s
Q = 1 m3/s
Q = 0.6 m3/s
 
Figure 5 Evolution of water lines along the left crest according to inlet 
flow rates 
The height of water increases with the flow along the weir. The highest water 
depth is observed around of an abscise 18.3. We will measure the height of 
water at this point to assess overflow rate. 
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Figure 6 shows the evolution of the free surface.  
Low point 
High point  
Dam 
 
Figure 6 Evolution of the free surface  
The free surface is elevated outside the elbow. Its low point is reached at the 
entry of the CSO for the upstream flow of 2.5 m3/s. The high point is reached at 
the downstream of the dam (as observed on site). Hydraulic jump appears in the 
upstream channel for certain inlet flow rates. 
3.4 Overflow models 
From the results of the numerical simulations, we establish operating law of the 
CSO. The selected form of the model is: boverflowQ a h= ×  where h is the height of 
water above the crest. Results of various simulations enable to determine the 
coefficients of this equation.  
For the calculation of the overflow rates, the height of water is extracted at the 
proposed location of US sensor (figure 5).  
We give below an example of the mathematical model which allows calculating 
the overflow rate. 
1.366
overflowQ 15.114 h= ×   
4 Conclusions 
In this article, we presented a 3D modeling approach with FLUENT ® in order to 
improve the instrumentation of the complex CSO. Preliminary tests enable to 
retain the relevant numerical options for 3D modeling of the flows in the side 
storm overflows. All choices of modeling (mesh, boundary and initial 
conditions, k-ε, VOF) were validated compared to measurements of flow rates 
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(overflow and preserved flow) and 3D free surface. In both cases, the errors are 
lower than    10 %.  
Then, we applied these recommendations to the CSO on real site. Simulations 
gave us a profile of the free surface at overflow zones and an estimate of the 
evolution of the overflow rates along the crest. It enables us to understand the 
operation of the CSO. The analysis of the results of simulation enables to 
propose locations of US sensors and overflow models.  
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